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SUMMARY 

The  effects  of  using  a  solid  state  laser  diode  as  the 
light  source  in  an  acousto-optic  spectrum  analyser  are 
considered.  Concentration  is  on  high  resolution  analysers 
for  use  at  communications  frequencies.  Recent 
developments  in  laser  diode  fabrication  are  summarised; 
key  characteristics  limiting  performance  are  the  spectral 
and  spatial  characteristics  of  the  laser  beam.  The 
effects  on  analyser  resolution  and  dynamic  range  are 
modelled  and  techniques  proposed  to  improve  performance. 
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1 .  INTRODUCTION 

Acousto-optic  Bragg  cell  processors  are  currently  being  considered  as  possible 
candidates  for  the  next  generation  of  ESM  receivers.  AO  processors  have 
potential  for  surveillance  and  warning  applications  in  both  radar  and 
communication  frequency  bands.  They  have  the  potential  to  provide  wide 
bandwidth  coverage  in  real  time  with  high  probability  of  intercept.  Bragg 
cells  with  bandwidths  of  1  GHz  centred  on  3  GHz  are  currently  available  and 
bandwidths  of  2  GHz  centred  on  4  GHz  and  with  a  deflection  efficiency  of  5%/W 
are  projected  in  the  near  future.  The  frequency  band  from  2  to  18  GHz  could 
thus  be  covered  by  eight  parallel  channels  and  suitable  mixing  arrangements. 
At  communication  frequencies,  bandwidths  of  50  MHz  are  currently  available 
with  adequate  (20  kHz)  resolution  and  deflection  efficiencies  of  order  100%/W. 
AO  processors  also  have  the  significant  advantage  of  a  simultaneous 
frequency/direction  of  arrival  measurement  capability  using  suitable 
interferometric  architectures.  This  additional  capability  is  considered 
highly  desirable  as  a  powerful  aid  in  sorting  signals  in  a  complex  environment 
eg,  an  environment  containing  several  frequency  hopper  sources. 

Most  laboratory  development  of  AO  processors  is  carried  out  using  a  gas  laser, 
usually  Helium-Neon,  as  the  light  source.  Any  practical  receiver  to  be  used 
in  the  field,  for  reasons  of  weight,  size,  cost  and  robustness  will  preferably 
use  a  laser  diode  as  the  optical  source.  It  has  recently  been  recognised 
however  that  the  spatial  and  spectral  characteristics  of  the  laser  diode  may 
result  in  a  degradation  in  the  performance  of  the  spectrum  analyser.  Workers 
at  the  US  Naval  Research  Laboratory  have  considered  some  aspects  of  these 
effects (ref . 1) ,  looking  particularly  at  the  effect  of  spectral  width  on 
integrated  optic  AO  processors  operating  at  radar  frequencies.  In  this  paper 
the  effect  of  both  the  spatial  and  spectral  characteristics  of  laser  diodes  on 
AO  processors  operating  at  the  communication  frequencies  will  be  examined  and 
it  will  be  shown  that  the  effects  are  considerably  more  severe  at  these  lower 
frequencies.  Some  techniques  for  reducing  the  resulting  performance  degration 
will  be'  discussed.  As  a  preliminary  to  this  consideration,  the  basic 
structure  and  characteristics  of  semi-conductor  laser  diodes  will  be  reviewed 
in  the  next  section,  with  emphasis  on  those  properties  affecting  their 
performance  in  AO  spectrum  analysers. 


2.  LASER  DIODE  SOURCES 


2.1  Introduction 

Semi-conductor  lasers,  as  opposed  to  Helium-Neon  lasers,  are  still  an 
immature  technology  but  also  one  in  which  rapid  strides  are  being  made, 
being  driven  largely  by  the  requirements  of  optical  fibre  communications. 
Laser  diodes  are  semi-conductor  diodes,  typically  made  of  Gallium  Arsenide 
and  Aluminium  Gallium  Arsenide  crystals  for  radiation  in  the  near  infrared. 
Radiation  is  emitted  by  recombination  at  a  wavelength  proportional  to  the 
band  energy  gap  in  the  laser  active  region.  In  order  for  lasing  to  take 
place  a  sufficiently  high  concentration  of  carriers  must  be  injected  into 
the  active  region  to  induce  population  inversion.  This  may  be  accomplished 
using  a  double  hetero- junction  structure  (see  figure  1)  as  is  used  in  the 
Hitachi  Series  1000  laser  diodes (ref . 2)  .  The  thin  active  layer  of  n-type 
A1  Ga,  AS  is  sandwiched  between  n  and  p-type  A1  Ga,  AS  layers  (x  <  y) 

X  1-X  f  Jf  y  i-y  j  J  ' 

which  have  wider  band  gaps  and  lower  refractive  indices  than  the  active 
layer.  Here  x  and  y  are  the  mole  fractions  of  A1  in  the  A1  Ga  alloy. 
Electrons  and  holes  injected  into  the  active  region  through  the  hetero¬ 
junction  are  accumulated  because  of  the  potential  barriers  at  the  hetero¬ 
boundaries.  The  active  layer  thickness  is  typically  0.1  pm  and  this  forms 
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an  efficient  optical  waveguide  because  of  the  refractive  index  difference 
between  the  active  and  sandwiching  layers.  Optical  feedback  is  provided  by 
a  pair  of  mirror  facets  at  each  end  of  the  device.  These  are  usually 
formed  simply  by  cleaving  the  crystal  along  a  crystal  plane  effectively 
forming  a  Fabry-Perot  cavity. 

2.2  Single  mode  lasers 

Laser  diodes  suitable  for  use  in  AO  processors  must  be  of  the  single  mode 
variety  to  ensure  a  narrow,  well  shaped  beam.  Both  transverse  and 
longitudinal  laser  oscillation  modes  are  possible  in  the  active  junction 
and  a  single  mode  laser  is  one  which  oscillates  in  the  fundamental 
transverse  mode  only  (transverse  and  longitudinal  here  refer  to  direction 
with  respect  to  the  junction).  This  can  be  accomplished  by  controlling  the 
crystal  growth  so  that  a  waveguide  is  created  which  confines  the  active 
region  into  a  narrow  horizontal  strip,  sufficiently  narrow  that  no  higher- 
order  horizontal  modes  can  propagate.  Various  index-guiding  architectures 
have  been  developed,  examples  are: 

constricted  double  heterostructure  device,  which  uses 
laternal  variations  in  the  active  layer  thickness  above  a 
mesa  etched  into  the  substrate  to  contain  the  lasing 
region(ref .4) . 

large  optical  cavity,  a  passive  waveguide  layer  is  added  to 
the  active  CDH  layer  which  reduces  the  optical  density  and 
thus  the  chance  of  damage  to  the  exit  facets  without 
generating  multiple  lateral  modes (ref . 5) . 

buried  heterostructure  devices,  in  which  the  active  region 
is  completely  surrounded  by  low  refractive  index 
material (ref . 6) . 

These  index  guiding  structures  generally  result  in  a  narrow  radiated  beam 
that  is  approximately  Gaussian  but  with  significant  deviations  which  will 
be  discussed  later.  Typical  emission  full  width  angles  are  30° 
perpendicular  to  the  junction  and  10°  parallel  to  the  junction. 

2.3  Single  frequency  lasers 

Single  transverse  mode  lasers  may  however  operate  in  a  range  of 
longitudinal  modes  producing  an  output  spectrum  such  as  that  shown  in 
figure  2(a).  Each  line  corresponds  to  a  longitudinal  propagation  mode  and 
their  separation  will  depend  upon  the  cavity  length.  For  use  in  an  AO 
processor  a  source  which  is  spectrally  pure  is  highly  desirable  to  ensure 
no  degradation  of  resolution  or  dynamic  range.  To  complicate  matters 
further,  the  number  of  modes  excited  depends  strongly  on  the  drive  current. 
A  variety  of  diode  architectures  are  currently  being  considered  which  will 
reinforce  one  longitudinal  mode  and  suppress  all  unwanted  modes,  thus 
forcing  a  single  frequency  laser.  A  description  of  a  number  of  these 
experimental  devices  may  be  found  in  reference  3.  These  may  be  summarised 
in  four  main  types: 

(i)  Coupled-cavity  lasers:  an  additional  external  cavity  is  included 
through  which  the  laser  light  passes,  re-inforcing  only  the  wavelength 
which  resonates  in  both  the  external  and  internal  cavity  eg  an  external 
mirror,  parallel  to  the  end  mirror  of  the  laser,  see  figure  3(a).  Note: 
difficult  to  tune. 


CDH 


CHD-LOC 


BH 
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(ii)  Frequency-selective  feedback  laser:  inclusion  of  an  external 
cavity  which  contains  a  frequency  selective  element,  eg  a  diffraction 
grating,  which  allows  tuning  by  tilting  the  grating;  see  figure  3(b). 

(iii)  Injection  locked  laser:  forces  diode  to  operate  at  a  single 
wavelength  by  using  a  single  wavelength  source  as  an  external  driver; 
see  figure  3 (c) . 

(iv)  Geometry  controlled  laser:  principal  example  is  the  short  cavity 
laser  in  which  the  cavity  is  only  about  50  pm  long.  The  short  length 
forces  the  unwanted  modes  to  be  widely  separated  in  wavelength  from  the 
wanted  mode,  and  by  including  highly  reflective  coatings  on  the  facet 
mirrors  an  essentially  single  frequency  laser  can  be  achieved;  see 
figure  3(d) . 

Many  variations  on  these  architectures  have  been  proposed.  Figueroa 
et  al(ref.7)  describe  the  use  of  an  optical  fibre  external  resonator  with  a 
lens  formed  at  the  fibre  tip  to  provide  beam  refocussing  into  the  active 
region  of  the  laser.  Vanderleeden(ref . 8)  describes  a  frequency  selective 
feedback  laser  which  uses  a  guided  index  fibre  lens  to  form  an  optically 
dispersive  cavity,  see  figure  4.  A  diffraction  grating  is  deposited  on  the 
other  end  of  the  fibre.  By  varying  the  position  of  the  laser  in  the  x- 
direction  as  indicated,  the  angle  of  incidence  on  the  grating  and  thus  the 
frequency  reinforced  can  be  varied.  This  provides  an  effective  means  of 
tuning  the  resulting  single  frequency  laser.  This  approach  is  very 
promising  and  may  lead  to  the  development  of  useful  single  frequency 
lasers . 

However,  none  of  these  proposed  techniques  has  yet  reached  commercial 
production,  the  optimum  spectrally  pure  lasers  currently  available  being 
single  mode  lasers  with  index  guiding  as  described  above.  These  structures 
have  the  significant  advantage  that  between  certain  drive  current  limits 
they  tend  to  radiate  at  a  single  longitudinal  mode.  Thus  provided  the 
current  is  above  a  certain  threshold  and  below  a  given  maximum  a  single 
stimulated  frequency  of  emission  is  achieved.  Typically,  for  the  Hitachi 
Laser  Diode  1000  series,  the  suppression  ratio  of  the  unwanted  longitudinal 
modes  is  approximately  29  dB ,  the  modes  being  separated  in  wavelength  by 
approximately  0.3  nm(ref.2). 

It  is  worth  noting  that  the  obvious  solution  of  using  a  narrow  bandwidth 
multi-layer  bandpass  filter  to  select  a  single  frequency  fails,  even  if 
such  a  high  performance  device  could  be  designed  and  fabricated,  because  of 
the  phenomena  known  as  partition  noise.  A  laser  resonating  at  several 
longitudinal  modes  acts  as  a  coupled  oscillator,  the  total  energy  remains 
the  same  but  the  share  of  any  particular  mode  varies  with  time.  Thus  if 
one  mode  could  be  filtered  out,  unacceptable  fluctuations  in  the  amplitude 
of  the  laser  would  occur. 

2.4  Spontaneous  emission 

Accompanying  the  stimulated  emission  in  any  laser  diode  is  a  level  of 
broadband  incoherent  spontaneous  emission  which  will  produce  spurious 
detector  outputs  in  an  A0  spectrum  analyser  and  thus  degrade  its 
performance.  An  example  of  spontaneous  emission  surrounding  the  single 
laser  line  for  a  General  Optronics  Laser  diode  is  shown  in  figure  5 
obtained  from  reference  1.  The  spectrum  was  measured  using  a  spectrometer 
with  a  bandpass  of  approximately  0.1  nm.  The  spectrum  is  approximately 
6  nm  wide  at  three  orders  of  magnitude  down  from  the  peak  and  20  nm  wide  at 
five  orders  down.  The  emissions  contain  both  TE  and  TM  polarisations  in 
contrast  to  the  narrow  band  TE  stimulated  emission  laser  output(ref .9) . 
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Streifer  et  al(ref.9)  have  been  particularly  successful  in  reducing  the 
emission  levels  by  increasing  the  rear  facet  reflectivity  and  by  the  use  of 
a  spatial  filter  on  the  front  facet  which  absorbs  much  of  the  spontaneous 
emission  but  which  transmits  most  of  the  stimulated  radiation.  A  Te  mask 
is  deposited  on  the  front  facet  and  an  aperture  oblated  by  the  laser  itself 
which  is  then  stabilised  by  a  further  coating.  Te  is  highly  absorptive  at 
the  wavelength  of  interest.  The  data  shown  in  figure  5  was  for  a  laser 
which  had  been  treated  in  this  way.  As  outlined  in  Section  1,  the  effect 
of  the  presence  of  this  level  of  spontaneous  emission  on  the  AO  spectrum 
analyser  will  be  considered  in  following  sections. 

2.5  Data  availability  and  operational  considerations 

The  most  important  characteristics  of  laser  diodes  determining  their 
suitability  for  use  in  AO  spectrum  analysers  are: 

(i)  spectral  purity 

(ii)  optical  beam  shape 

(iii)  robustness  of  operation. 

A  number  of  approximately  single  frequency  laser  diodes  with  index  guiding 
are  currently  available  commercially,  the  best  performing  being  the  Hitachi 
HLP-1000  series  of  diodes  and  the  General  Optronics  GOLS-4000  and 
5000  diodes.  However  very  little  published  data  is  available  showing 
results  of  measurements  of  intensity  versus  frequency  over  more  than  one  or 
two  orders  of  magnitude.  Reference  1  provides  the  only  detailed  spectral 
measurements  for  several  General  Optronic  models  with  Te  masks  and  for  the 
HLP-1400  diode.  A  full  emission  spectral  profile  is  given  only  for  one  of 
the  General  Optronic  diodes,  as  shown  in  figure  5,  and  these  measurements 
will  be  used  in  this  paper  to  assess  the  expected  effects  on  AO  spectrum 
analyser  performance.  Clearly  further  detailed  spectral  measurements  of 
candidate  laser  diode  sources  are  required. 

The  shape  of  the  optical  beam  effectively  determines  the  aperture  weighting 
function  for  the  Bragg  cell  in  an  AO  spectrum  analyser  (see  fuller 
discussion  in  Section  3)  which  in  turn  determines  the  resolution  and  side- 
lobe  levels.  Again  very  little  published  data  is  available  beyond 
manufacturers'  data  showing  beam  profiles  over  one  order  of  magnitude.  The 
Application  Manual  for  the  Hitachi  HLP-1000  Series (ref . 2)  provides  typical 
far-field  patterns  (see  figure  6)  for  this  range  of  diodes  covering  about 
one  order  of  magnitude  and  for  several  output  power  levels.  These  show 
that  the  profiles  are  approximately  Gaussian  in  shape  and  are  markedly 
different  for  directions  perpendicular  and  parallel  to  the  laser  junction. 
The  beam  parallel  to  the  junction  is  narrower  and  a  closer  approximation  to 
a  Gaussian.  Profiles  report  in  references  5,  6,  10  and  11  for  various 
laser  diodes  structures  show  a  range  of  profiles,  some  of  which  differ 
markedly  from  Gaussian.  Again,  further  detailed  measurements  of  candidate 
laser  diodes  profiles  are  required.  In  this  paper  the  effects  of  various 
hypothetical  profiles  will  be  investigated  to  obtain  an  estimate  of  the 
importance  of  this  characteristic. 

In  considering  the  use  of  laser  diode  sources  in  AO  systems  a  number  of 
operational  factors  must  also  be  considered.  Considerable  care  must  be 
taken  to  ensure  stable  operation  for  a  laser  diode  as  the  power  versus 
current  curve  is  steep  and  temperature  sensitive.  Typical  curves  for  the 
Hitachi  HLP-1000  series  are  shown  in  figure  7.  The  longitudinal 
oscillation  mode  frequency  is  also  temperature  and  current  dependent  since 
the  refractive  index  of  the  active  layer  which  determines  the  lasing 
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frequency  is  itself  dependent  on  these  two  variables.  The  lasing 
wavelength  may  change  by  about  0.3  nm/°C  so  that  the  drive  current  and  the 
temperature  must  be  highly  stabilised  using  a  Peltier  cooling  device  and 
associated  feedback  circuitry. 

A  promising  new  development  in  this  area  was  reported  recently  by  Bowers 
et  al(ref.l2).  The  authors  here  fabricated  a  cleaved-coupled-cavity  laser 
(C3)  with  a  large  cavity  length  ratio  which  allows  an  enhanced  stability 
performance.  The  C3  laser,  a  version  of  the  single  frequency  coupled 
cavity  type  outlined  above,  consists  of  a  normal  single  mode  laser  diode 
which  is  broken  into  two  unequal  sections  by  cleaving  along  a  crystal  face. 
The  shorter  cavity  is  used  as  the  frequency  modulator  and  the  combination 
of  short  and  long  cavities  has  a  much  greater  frequency  stability  against 
temperature  and  injection  current  changes.  The  dominant  lasing  mode 
dependence  on  temperature  and  current  measured  in  reference  12  is  shown  in 
figure  8.  The  mode  hop  boundaries  are  shown  by  solid  lines  and  the  greater 
than  100:1  peak  to  sidelobe  region  is  indicated  by  a  dashed  line.  Useful 
stable  single  frequency  operation  has  been  achieved  over  a  wide  range  of 
current  and  temperature  values . 

The  laser  is  also  extremely  sensitive  to  small  amounts  of  its  own  light 
that  may  be  reflected  back  into  the  lasing  cavity  (ref .  13) .  It  is  also 
fragile  and  susceptible  to  damage  from  supply  spikes  and  electrostatic 
discharges.  Other  factors  which  must  be  considered  if  the  laser  is  to  be 
modulated  for  use  in  for  example,  an  AO  correlator,  are  linearity  and 
frequency  response.  As  can  be  seen  from  figure  7,  for  linear  analogue 
operation  the  laser  must  be  operated  above  the  threshold  current 
necessitating  a  continuous  bias  current.  Finally  it  should  be  noted  that 
semi-conductor  lasers  experience  a  slow  degradation  in  their 
characteristics  as  the  number  of  working  hours  increases  and  their 
performance  must  be  monitored  at  regular  intervals  to  ensure  correct 
operation.  Performance  in  this  regard  is  improving  continuously  through 
new  research. 

Despite  these  current  operational  problems  it  is  expected  that  semi¬ 
conductor  lasers  will  improve  in  performance  and  will  be  used  in  a  variety 
of  AO  processors  due  to  their  obvious  size  and  cost  benefits  and  also  to 
their  modulation  capabilities. 


3.  AO  SPECTRUM  ANALYSER 

3.1  Basic  analyser 

The  basic  structure  of  an  AO  spectrum  analyser  is  illustrated  in  figure  9. 
The  Bragg  cell  converts  the  input  electrical  signal  f(t)  into  a  travelling 
optical  index  modulation  across  the  cell  aperture.  This  modulation  is 
impressed  on  the  collimated  input  laser  beam  to  form  an  optical  analogue  of 
the  electrical  input.  A  lens  produces  the  Fourier  transform  of  the 
weighted  signal  as  it  forms  the  far  field  diffraction  patterns  in  its  back 
focal  plane.  This  transform  is  detected  by  a  photodiode  array  in  the 
frequency  plane,  the  elements  of  which  respond  to  optical  intensity.  The 
intensity  distribution  in  the  frequency  plane  is  thus  proportional  to  the 
power  spectrum  of  the  input  signal. 

The  frequency  spectrum  so  measured  is  approximately  linear  in  the  frequency 
scale  (small  angle  approximation)  and  is  linear  in  intensity  to  limits  set 
by  acousto-optic  non-linearities  and  non-linearities  in  input  electronics 
and  the  detector  array. 
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Design  considerations  for  AO  Bragg  cells  are  discussed  in  detail  in 
reference  14.  For  a  deflector  cell,  the  key  performance  parameters  are  the 
bandwidth  B,  the  aperture  x,  the  diffraction  efficiency  I x / I 0  (the 

percentage  of  incident  light  diffracted  into  the  first  order  beam  for 
incidence  at  the  Bragg  angle),  the  acoustic  attenuation  in  the  cell,  and 
the  number  of  resolvable  spots  or  frequencies  in  the  frequency  plane,  N, 
the  upper  limit  of  which  is  given  by 


N  =  Bx . 


(1) 


The  spectrum  analyser  weighting  function  is  determined  by  the  input  laser 
beam  amplitude  profile  after  limitation  by  the  finite  cell  aperture  and  the 
acoustic  attenuation  in  the  cell (ref . 15) .  These  weighting  functions  may  be 
expressed  in  terms  of  time  variables  as  follows.  The  finite  aperture  size, 
D,  of  the  Bragg  cell  imposes  a  unity  amplitude  window  function 


Wi (t,  x)  =  rect(t/x  -  1/2) 


(2) 


where  x  =  D/v  and  v  is  the  acoustic  velocity  in  the  cell. 

Si  Si 

The  acoustic  wave  in  the  cell  is  attenuated  as  it  propagates  which 
effectively  modifies  the  impressed  modulation  by  the  weighting  function  W2, 

where 


W2(t,  a,  x)  =  exp (-a  t)  (3) 

a  is  the  frequency  dependent  loss  factor  given  by 

a  =  r  f2  V  /20  logl a Z  (4) 

Si 

and  T  is  the  material  acoustic  loss  coefficient  (dB/cm/GHz2 ) . 

The  third  weighting  function  is  the  optical  beam  amplitude  profile.  Gas 
lasers  usually  have  an  approximately  Gaussian  beam  amplitude  cross-section 
of  the  form 

W3(t,  x,  T)  =  exp [ -4T2 (t / x  -  1/2)2]  (5) 


where  T  =  D/2wq,  the  ratio  of  the  Bragg  cell  aperture  to  the  Gaussian  beam 

waist  at  the  1/e2  intensity  level.  The  Gaussian  weighting  is  very  useful 
in  that  it  results  in  suppression  of  the  sidelobes  for  a  small  sacrifice  in 
resolution. 

The  overall  weight  factor  is  thus  a  product  of  three  individually  weights 
Wi_3  with  W3  chosen  appropriately.  Hecht(ref . 15)  has  investigated  the 

effects  on  resolution  and  sidelobes  of  various  Gaussian  profiles  using 
simplifying  assumptions  which  allow  the  Fourier  integral  equations  to  be 
solved.  Here  the  spectrum  analyser  performance  is  modelled  on  the  computer 
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using  the  Fast  Fourier  Transform  to  evaluate  the  Discrete  Fourier  Transform 
which  allows  a  study  of  the  effects  of  various  beam  profiles. 

3.2  Computer  model 

The  computer  model  developed  is  for  a  spectrum  analyser  operating  at 
communication  frequencies  using  an  Isomet  Corporation  Bragg  cell  Model 
OPT-1.  This  is  a  Tellurium  Dioxide  cell  with  the  following  properties: 


Bandwidth  : 

30  MHz 

Centre  Frequency  : 

45  MHz 

Aperture  (x)  : 

50  ys 

Bt  Product  : 

1500 

Acoustic  Velocity  : 

616  m/s  (shear  mode) 

Acoustic  Loss 
coefficient  (T)  : 

290  dB/ cm/ GHz 2 

The  maximum  number  of  resolvable  spots  in  the  frequency  plane  is  thus  1500, 
corresponding  to  a  frequency  resolution  of  20  kHz.  The  AO  spectrum 
analyser  performance  is  modelled  by  the  following  calculations: 

(i)  generating  a  50  ys  sample  of  the  signal  to  be  processed,  sampled 
at  a  rate  commensurate  with  the  Nyquist  criteria, 

(ii)  filling  out  this  sample  to  200  ys  with  zeros  to  provide  a  5  kHz 
resolution  in  the  FFT, 

(iii)  applying  appropriate  aperture  weighting  factors  in  the  time 
domain , 

(iv)  calculating  the  Fast  Fourier  Transform  of  this  series, 

(v)  applying  appropriate  weighting  factors  in  the  frequency  domain, 

(vi)  averaging  the  estimates  over  a  linear  distance  in  the  frequency 

plane  corresponding  to  a  pixel  width,  and 

(vii)  plotting  the  resultant  power  frequency  spectrum. 

The  weighting  factors  in  the  frequency  domain  may  be  included  to  account 
for  the  pass -band  shape  of  the  Bragg  cell  which  will  depend  upon  the  pass- 
band  shape  of  the  transducer  and  the  variation  in  diffraction  efficiency  of 
the  acousto-optic  interaction  with  frequency.  Theoretical  expressions  for 
these  factors  are  given  in  references  14  and  15  for  normal  and  bi- 
refringent  cells,  the  latter  case  applying  to  the  OPT-1  cell  being  used 
here.  Alternatively  the  measured  deflection  efficiency  versus  frequency 
curves  provided  by  the  manufacturer  can  be  used.  In  the  results  reported 
here,  these  factors  are  held  at  unity  as  their  effects  are  not  important 
for  the  purposes  of  the  study. 

The  results  for  a  CW  signal  of  frequency  45  MHz  are  shown  in  figure  10. 
Figure  10(a)  shows  the  power  spectrum  obtained  without  pixel  averaging 
(steps  (vi)  above)  illustrating  the  sidelobe  structure  corresponding  to  the 
aperture  width  of  50  ys .  The  time  bandwidth  product  of  the  Bragg  cell  is 
1500,  corresponding  to  a  frequency  resolution  20  kHz.  The  optics  of  a 
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spectrum  analyser  would  thus  be  adjusted  so  that  each  pixel  in  the  output 
photodiode  array  covered  a  distance  in  the  frequency  plane  corresponding  to 
this  resolution.  Step  (vi)  above  is  therefore  included  to  take  account  of 
this  averaging  of  the  spectrum  over  each  pixel  and  the  resultant  power 
spectrum  for  the  45  MHz  CW  signal  is  shown  in  figure  10(b).  The  sidelobe 
structure  resulting  from  the  finite  cell  aperture  has  been  smoothed  out  by 
this  averaging  process.  However  significant  power  has  spilled  over  into 
adjacent  frequency  bins  from  the  "wanted"  signal  at  45  MHz  which  will  limit 
the  ability  to  detect  the  presence  of  other  signals  close  in  frequency.  A 
commonly  used  parameter  to  measure  this  effect  is  the  "adjacent  frequency 
dynamic  range",  which  in  this  case  has  been  reduced  to  22  dB . 

Signals  with  duration  shorter  than  50  ps  will  produce  significant  lobe 
structures  which  will  seriously  reduce  the  performance  of  the  spectrum 
analyser.  An  example  shown  in  figure  11  is  for  a  10  ys  burst  of  CW  at 
45  MHz.  Adjacent  frequency  dynamic  range  has  been  reduced  to  less  than 
2  dB  and  the  lobe  structure  would  effect  measurements  many  pixels  away  from 
the  "wanted"  peak  at  45  MHz.  Clearly  a  centroiding  procedure  would  be 
required  to  allow  the  wanted  frequency  to  be  selected  and  prevent  multiple 
signal  reports  in  the  ESM  receiver,  however  the  dynamic  range  performance 
for  the  detection  of  nearby  frequencies  would  still  be  severely  limited. 
In  figure  11  the  10  ys  signal  has  been  assumed  to  be  fully  in  the  cell 
aperture.  A  broader,  varying  sidelobe  structure  would  be  observed  as  the 
signal  enters  and  leaves  the  cell. 

In  the  next  Section  the  procedure  described  here  for  studying  the  spectrum 
analyser  performance  will  be  used  to  study  the  effect  of  varying  laser  beam 
profiles . 


4.  LASER  BEAM  PROFILE 
4.1  Effect  of  Gaussian  beam  shape 

Gas  lasers  and  to  a  lesser  extent,  semi-conductor  lasers,  have  a  far  field 
beam  amplitude  profile  which  approximates  the  Gaussian  form  given  in 
equation  (5)  above.  Light  intensity  profiles  are  shown  in  figure  12  for 
various  values  of  the  parameter  T,  the  ratio  of  the  Bragg  cell  aperture  to 
the  Gaussian  beam  waist  at  1/e2  intensity  level.  The  effect  of  a  Gaussian 
profile  on  the  AO  spectrum  analyser  performance  is  shown  in  figure  13  for 
various  values  of  T  for  the  case  of  a  CW  signal  of  45  MHz.  As  T  is 
increased  from  zero,  corresponding  to  a  flat  weighting,  the  sidelobe  level 
at  pixels  well  removed  from  the  wanted  pixel  is  seen  to  be  reduced 
significantly,  resulting  in  an  increased  available  dynamic  range.  However 
this  reduction  is  achieved  at  the  expense  of  a  broadening  in  the  main  lobe, 
reducing  the  resolution  and  the  available  dynamic  range  in  the  near  pixels. 
These  effects  are  summarised  in  figure  14  and  15.  In  figure  14  the  beam 
spread  factor  (the  resolution  change  in  the  3  dB  beamwidth)  is  plotted  as  a 
function  of  T.  In  figure  15  the  available  dynamic  range  is  plotted  as  a 
function  of  T  for  various  pixel  separations  from  the  "wanted"  pixel. 

The  choice  of  an  optimum  value  for  T  will  be  a  compromise  which  will  depend 
heavily  on  the  dynamic  range  required.  The  maximum  dynamic  range  in  AO 
receivers  is  limited  principally  by  the  dynamic  range  of  the 
photodetectors.  The  best  dynamic  range  available  in  current  photodiode 
arrays  is  approximately  40  dB,  whereas  discrete  diodes  eg  avalanche 
photodiodes,  can  achieve  approximately  80  dB.  In  applications  such  as 
radar  warning  receivers  where  only  a  fairly  coarse  resolution  is  required 
eg  10  MHz  in  a  bandwidth  of  a  1  GHz,  then  discrete  photodiodes  can  be  used 
as  only  a  relatively  small  number  are  required. 
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For  this  case  a  larger  value  of  T  can  be  chosen  to  give  the  required 
sidelobe  suppression.  For  application  in  the  communication  frequency 
bands,  high  resolution  is  required  over  a  wide  bandwidth,  typically  25  kHz 
resolution  over  30  MHz  or  more,  so  that  a  photodiode  array  must  be  used 
with  the  corresponding  dynamic  range  limitation.  Thus  from,  figure  14 
and  15  a  choice  of  T  in  the  range  1.5  to  2  would  provide  the  full 
photodiode  array  dynamic  range  of  40  dB  for  all  pixels  beyond  the  second 
pixel  from  the  wanted  frequency  with  a  beam  spread  ratio  of 
approximately  2. 

The  use  of  Gaussian  weighting  of  the  laser  beam  profile  implies  an  overall 
intensity  loss  compared  with  uniform  aperture  weighting  as  the  full 
aperture  is  not  being  utilised.  This  loss  is  shown  as  a  function  of  T  in 
figure  16.  This  loss  has  not  been  included  in  the  calculations  for 
figures  13  to  15  as  it  has  been  assumed  that  sufficient  light  intensity  is 
available  to  fully  utilise  the  photo-detector  dynamic  range. 

It  should  be  noted  that  in  this  report  the  effect  of  the  use  of  a  laser 
diode  in  an  AO  receiver  is  being  considered.  Many  other  factors  come  into 
the  overall  receiver  design  including  noise  considerations,  ripple  factor 
(response  to  CW  signals'  midway  between  adjacent  channels),  optical  and 
electrical  crosstalk  between  channels  in  the  photodiode  array  and  in  the 
readout  process  and  dynamic  range  limitation  due  to  light  scatter, 
photodetector  dark  currents  and  two  tone  third  order  intermodulation 
products. 

4.2  Laser  diode  beam  profiles 

Far  field  beam  profiles  for  double  hetero- junction  diode  lasers  have  been 
studied  theoretically  by  several  workers.  Botez  and  Ettenberg(ref . 16) 
derive  theoretical  expressions  for  the  beamwidth  from  a  study  of  the 
electric  fields  in  the  active  region  of  the  diode  and  show  that  these  can 
be  approximated  by  a  Gaussian  beam  if  the  parameter 


R  =  (2tt  d/X)  (ni  -  n2) 


(6) 


lies  in  the  range  1.5  <  R  <  6,  where  d  is  the  active  layer  thickness,  X  the 
laser  wavelength  and  nx  and  n2  are  the  refractive  indices  of  the  active  and 

sandwiching  layers  respectively.  For  values  of  R  <  1.5  the  Gaussian 
beamwidth  approximation  is  no  longer  appropriate.  The  near  field  patterns 
have  double  exponential  shapes  and  become  relatively  wide,  which  in  turn 
gives  far  field  patterns  of  narrow  beamwidth  and  non-Gaussian  shapes.  For 
R  <  1.5,  a  Gaussian  severely  underestimates  the  far  field  pattern  at 
intensity  below  the  -3  dB  level (ref . 16) . 

Reference  2  provides  details  of  the  parameters  of  the  Hitachi  HLP-1000 
series  of  double-heterojunction  diodes,  which  allow  R  in  equation  (6)  to  be 
evaluated.  These  are:  n2  ~  3.6,  d  =  0.1  pm,  An  =  0.05,  X  =  830  nm.  A 

value  of  R  %  0.35  results,  indicating  that  these  diodes  might  be  expected 
to  exhibit  far  field  beam  profiles  significantly  different  from  Gaussian. 
This  conclusion  is  borne  out  by  the  manufacturers  typical  profiles  for  this 
diode  shown  in  figure  6.  The  profile  shape  diverges  from  Gaussian  below 
the  1/e2  intensity  level.  Discussions  with  US  Naval  Research  Laboratory 
personnel  indicate  that  laser  diode  beam  profiles  also  frequently  exhibit 
sharp  discontinuities  or  "glitches"  in  intensity  level  with  direction.  In 
order  to  obtain  an  order  of  magnitude  estimate  of  the  effects  of  these 
variations  from  pure  Gaussian  on  the  spectrum  analyser  performance,  model 
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calculations  were  made  with  the  weighting  profiles  shown  in  figure  17. 
Curve  A  is  the  pure  Gaussian  intensity  profile,  curve  B  represents  the  case 
where  the  profile  flattens  out  at  the  1/e2  intensity  level  and  curve  C 
represents  a  "glitch"  in  the  profile  occuring  at  the  1/e2  level  in  which 
the  amplitude  reduces  by  a  factor  of  0.5. 

The  effects  of  these  variations  from  Gaussian  will  depend  upon  the  value  of 
the  parameter  T  selected,  clearly  for  T  less  than  unity  no  effect  would  be 
observed.  Model  results  for  the  case  of  T  =  2.2  are  shown  in  figure  18. 
The  deviations  from  Gaussian  produce  significant  increases  in  sidelobe 
levels  for  both  intensity  curves  B  and  C  of  figure  17,  the  levels  being 
increased  by  +24  dB  and  +31  dB  respectively  at  pixels  removed  from  the 
"wanted"  pixel.  Further  model  results  are  set  out  in  Table  1.  The  dynamic 
range  and  resolution  performance  of  the  AO  spectrum  analyser  will  clearly 
be  strongly  effected  by  the  goodness  of  fit  of  the  laser  beam  profile  to  a 
Gaussian  profile.  Laser  diode  sources  to  be  used  in  AO  receivers  must 
clearly  be  carefully  selected  on  their  beam  profile  characteristics  which 
must  be  known  down  to  3  to  4  orders  of  magnitude  below  the  peak  level, 

depending  upon  the  choice  of  the  truncation  parameter  T.  Consideration  may 

also  need  to  be  given  to  shaping  the  laser  profile  to  more  closely 

approximate  a  Gaussian.  One  possibility  is  to  use  a  layer  of  absorbent 

material  of  varying  thickness  as  shown  in  figure  19.  Materials  such  as 
Schott-filter  glass  could  be  used  to  construct  such  an  element. 
Alternatively  a  graded  film  mask  could  be  used. 

5.  LASER  EMISSION  SPECTRUM 
5.1  Effect  on  spectrum  analyser  performance 

Few  detailed  measurements  of  laser  diode  emission  spectra  are  available  in 

the  literature.  One  of  the  measurements  available  is  the  spectrum  for  the 

General  Optronics  Model  G0LS-1/TB47  as  shown  in  figure  5  (from 

reference  1).  This  diode  has  been  especially  fabricated  using  a  Tellurium 

mask  to  reduce  spontaneous  emission  levels  as  discussed  in  Section  2.4 

above.  The  measurements  were  made  with  a  spectrometer  of  bandpass 

AX  =0.1  nm.  The  measured  signal  can  be  written  as 
s 


S (X)  =  T  P  AX 

A  S 


(7) 


where  T  is  the  spectrometer  transmission  and  P^  the  laser  spectral  power. 

Assuming  the  laser  spectral  peak  to  be  very  narrow  in  bandwidth  compared  to 
the  spectrometer  bandpass  so  that  at  the  peak  an  intensity  proportional  to 
the  total  laser  power  Pq  is  measured,  then 

S  .  =  TP  (8) 

peak  o 

In  figure  5,  R(X)  is  plotted,  where 

R(X)  =  S(X)/Speak  (9) 


Thus  the  spectral  power  is  obtained  from 


P,  =  R(X)  P  /AX 
X  o  s 


(10) 
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For  an  AO  spectrum  analyser  operating  in  the  Bragg  regime  the  optical 
deflection  angle  9  is  given  by 

9  =  X  f/nv  (11) 

o  a 

where  n  is  the  optical  refractive  index  of  the  Bragg  cell  material  and 

is  the  velocity  of  bulk  acoustic  wave.  If  the  frequency  resolution  of  the 
spectrum  analyser  Af  corresponds  to  a  single  pixel  in  the  detector  array 
for  a  monochromatic  source  of  wavelength  X  ,  then  the  optical  pixel  width 

AX  is  given  by 
P 

AX  =  X  Af/f  (12) 

P  ° 

The  optical  power  at  the  wanted  pixel,  will  be  Pq  and  the  power  at  the  nth 

nearest  neighbouring  pixel  will  then  be  P.  (X  )  AX  .  The  ratio  of  the 

a  n  p 

signal  in  the  nth  nearest  pixel  to  the  signal  in  the  wanted  pixel  Sq  is 
given  by 


S  /S  =  P. (X  )  AX  /P 
n'  o  X  n'  p  o 


(13(a)) 


=  R(X  )  AX  /AX 
n  p 


s 


(13(b)) 


where  X  denotes  the  wavelength  at  the  nth  pixel.  The  ratio  in 
n 

equation  (13(b))  may  be  considered  as  normalising  the  measured  relative 
intensity  from  the  spectrometer  resolution  AX^  to  the  spectrum  analyser 

resolution  AX  .  Using  the  measured  data  for  the  General  Optronics  diode 

show  in  figure  5,  the  ratio  Sn/SQ  was  calculated  for  the  spectrum  analyser 

with  the  following  characteristics:  f  =  45  MHz,  Af  =  20  kHz,  Xq  =  830  nm. 

The  results  are  shown  in  figure  20  plotted  against  pixel  member.  Also 
shown  is  the  spectrum  analyser  performance  for  a  monochromatic  source  and  a 
Gaussian  profile  (T  =  2.2)  taken  from  figure  18.  The  available  dynamic 
range  for  adjacent  pixels  and  the  resolution  will  clearly  be  dominated  by 
the  energy  spread  due  to  the  laser  diode  spectral  content.  A  full  dynamic 
range  of  40  dB  is  only  available  beyond  approximately  ±20  pixels  from  the 
wanted  pixel  ie  a  frequency  range  of  ±400  kHz.  This  would  impose  a  serious 
limitation  on  the  A0  spectrum  analyser  performance  and  a  laser  diode  with 
very  much  improved  spectral  characteristics  would  be  required.  The  effect 
on  spectrum  analyser  performance  is  considerably  worse  for  the  high 
resolution  case  at  communication  frequencies  shown  in  figure  20  than  for 
the  radar  case.  For  example,  the  case  of  a  spectrum  analyser  with 
characteristics  typical  for  radar  warning  receiver  applications  is  shown  in 
figure  21.  Here  the  bandwidth  is  1  GHz  and  the  resolution  10  MHz.  The 
overall  signal  levels  in  the  adjacent  pixels  are  higher  but  the  number  of 
pixels  effected  is  very  much  reduced  due  to  a  change  in  the  value  of  AX^. 

The  effect  would  be  considerably  more  serious  however  if  a  dynamic  range  of 
80  dB  was  sought  for  this  case. 
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It  should  be  noted  that  the  ratio  AX^/AX^  in  equation  (13(b))  can  lie  in 

the  range  1  to  100  for  cases  of  interest  so  that  the  intensity  ratio  R(X) 
must  be  measured  over  up  to  two  orders  of  magnitude  more  than  the 
performance  dynamic  range  required. 

5.2  Improved  emission  spectrum 

5.2.1  Use  of  filter 

The  most  obvious  method  for  reducing  the  effects  of  spontaneous  emission 
spectrum  on  the  AO  spectrum  analyser  performance  is  the  use  of  a  very 
narrow  bandwidth  multi-layer  passband  filter.  As  mentioned  earlier,  a 
filter  cannot  be  used  where  feedback  to  the  laser  diode  can  occur  as 
this  simply  shifts  the  lasing  wavelength  to  the  point  of  maximum 
reflectivity.  However  a  filter  could  be  used  provided  it  was  isolated 
from  the  laser  source.  A  typical  two  cavity  design  operating  at  normal 
incidence  would  have  a  half  power  bandwidth  of  2 . 6  nm  and  a  1/10  power 
bandwidth  of  5  nm.  This  filter  would  have  a  useful  effect  on  the 
spectrum  of  figure  5,  providing  a  full  40  dB  dynamic  range  for  pixels 
beyond  about  ±12  for  the  case  of  the  high  resolution  spectrum  analyser 
of  figure  20.  A  sharper  passband  shape  would  be  required  to  fully 
overcome  the  wide  spectrum  bandwidth  problem.  Off -normal  incidence 
multi-layered  filters  could  be  considered  although  polarisation  effects 
may  be  a  problem.  The  recent  development  of  LYOT  filters  fabricated 
using  optically  active  substrates  also  holds  promise  for  very  narrow 
band  filters (ref . 16)  . 

5.2.2  Chromat ic  compens  at ion 

An  alternative  method  for  overcoming  the  broad  spectrum  problem  is  to 
use  some  form  of  chromatic  compensation.  In  the  acoustic-optic 
interaction,  the  optical  diffraction  angle  0'  is  related  to  the  incident 
angle  0  by  (ignoring  material  effects) 


0'  =  X  /r  -  0 

o 


where  Xq  is  the  optical  wavelength  and  T  the  acoustic  wavelength.  If 
0  =  0  =  X  /2T,  the  Bragg  angle,  then  0'  =  0  which  is  the  condition 

DO  D 

O  O 

for  most  efficient  diffraction.  If  light  of  wavelength  Xls  enters  at 

0=0,  then 

D 

o 

0'  =  x i/r  -  xo/2r 

=  0B  +  AX/r  (15) 

o 

where  AX  =  (XL  -  X^) .  The  second  term  in  equation  (15)  represents  the 

undesired  error  in  the  diffracted  angle  which  causes  the  spread  of 
energy  in  the  detector  plane.  One  method  of  compensating  for  this 
change  in  wavelength  would  be  to  include  an  element  which  produces  an 
incident  angle  to  the  Bragg  cell  which  corrects  the  error  in 

equation  (15)  with  frequency.  This  could  be  simply  achieved  with  a 

diffraction  grating  as  shown  in  figure  22.  The  condition  for  a 

diffraction  maximum  in  the  grating  for  oblique  incidence  is  given  by 
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d(Sin  0'  -  Sin  0  )  =  pX  |p|  =  1,2,3..  (16) 

G  S 

where  d  is  the  grating  spacing  and  0Q  and  0^  the  incident  and 
diffraction  angles. 

For  the  first  maximum  (p  =  1)  and  assuming  0^  small, 

d(0'  -  0)  =  X 

G  g 

Thus  if  d  =  T,  the  acoustic  wavelength  in  the  Bragg  cell  and  0^  =  0g  , 


for  X  =  X  and 
o 


8G 


vr 


0G  =  9B  +X^/r 
o 

=  0n  +  x  /r  +  ax/t 

B  o 
o 


for  X  =  Xj.  0'  now  becomes  the  incident  angle  for  the  Bragg  cell  and 
Cj 

will  give  rise  to  the  correction  term  required  in  equation  (15)  to 
ensure  a  final  diffracted  angle  independent  of  optical  wavelength. 
Diffraction  gratings  with  the  necessary  line  spacing  should  be  readily 
realisable  and  the  proposed  method  of  chromatic  compensation  holds 
promise  for  correcting  the  wide  frequency  content  of  the  laser  diode 
source . 


6 .  SUMMARY 

In  this  paper  the  effect  of  using  a  laser  diode  as  the  light  source  for  an 
acousto-optic  spectrum  analyser  has  been  examined.  The  particular  laser  diode 
characteristics  which  limit  the  performance  of  the  spectrum  analyser  are  the 
laser  beam  profile  shape  and  the  laser  power  spectrum.  The  effect  of  these 
characteristics  has  been  studied  using  a  computer  model  of  an  AO  spectrum 
analyser  which  models  the  analyser  performance  using  the  Fast  Fourier 
Transform.  The  particular  spectrum  analyser  studied  has  been  a  high 
resolution  processor  appropriate  for  communication  frequencies  with  a 
bandwidth  of  30  MHz  and  resolution  20  kHz. 

Gaussian  weighting  of  the  laser  beam  intensity  profile  has  the  desirable 
effect  of  reducing  sidelobes.  However  it  has  been  shown  that  variations  from 
a  Gaussian  beam  which  might  be  expected  to  occur  in  laser  diodes  can  cause 
serious  increases  in  sidelobe  levels  and  thus  major  reduction  in  dynamic  range 
performance.  Careful  measurement  of  the  laser  beam  profile  shape  will  be 
required  before  use  in  an  AO  spectrum  analyser,  and  the  depth  of  measurement 
required  will  be  a  function  of  the  Gaussian  truncation  selected. 
Consideration  may  have  to  be  given  to  beam  apodisation  using  variable 
thickness  absorbing  materials. 
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Laser  spontaneous  emission  occur ing  over  a  wide  range  of  wavelengths 
surrounding  the  lasing  wavelength  in  a  single  frequency  laser  can  cause 
serious  reduction  in  the  AO  spectrum  analyser  performance.  For  the  high 
resolution  analyser  available  dynamic  range  was  severely  limited  out  to 
±20  pixels  from  the  wanted  pixel  for  the  laser  diode  emission  profile  studied. 
The  effect  is  not  as  serious  for  high-frequency,  lower-resolution  analysers. 
To  predict  the  suitability  of  a  particular  laser  diode  the  emission  intensity 
profile  must  be  measured  out  to  several  orders  of  magnitude  greater  than  the 
dynamic  range  desired. 

Methods  for  reducing  the  effect  of  the  broad  spectral  content  of  the  laser 
diode  have  been  considered  and  a  technique  for  chromatic  compensation  proposed 
which  holds  promise  for  markedly  improved  performance.  The  next  generation  of 
single  frequency  laser  diodes  currently  under  development  also  holds  promise 
of  improved  performance. 

A  marked  lack  of  complete  data  on  laser  beam  profiles  and  emission  spectra  was 
noted  both  in  the  literature  and  in  manufacturer's  data. 


TABLE  1.  INCREASE  IN  SIDELOBE  LEVEL  AT  PIXELS  DISTANT  FROM  WANTED  PIXEL  DUE 
TO  NON-GAUSSIAN  BEAM  PROFILE 


T  =  1.5 

T  =  2.2 

Glitch  -0.5 

+3  dB 

+24  dB 

-0.1 

+8  dB 

+30  dB 

Flat  (1/e2) 

+11  dB 

+31  dB 
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Figure  1 


Metal  Contact 


Figure  1.  Double  hetero- junction  laser  diode  construction  (from  reference  2) 
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Figures  4  §  5 


GRIN  Lens 


Figure  4.  Frequency  selective  external  cavity  formed  by  graded 
index  fibre  lens  and  diffraction  grating 


WAVELENGTH  (nm) 


Figure  5.  Emission  spectrum  of  general  optronics  laser  diode 
G0LS-1/TB47  showing  spontaneous  emission.  Laser 
output  3.9  mW,  spectrometer  bandpass  0.1  nm  (from 
reference  1) 


Radiant  Intensity  (rnW/sr) 
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Figure  7 


FORWARD  CURRENT,  lF  (mA.  DC) 


Figure  7.  Typical  light  versus  current  characteristics  for  the  Hitachi 
HLP-1000  series  laser  diodes (ref . 2) 
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Figures  8  5  9 


Figure  8.  Dominant  lasing  mode  dependence  on  temperature  and  current 
for  C3  laser  diode.  Solid  lines  indicate  mode  hop  bound¬ 
aries;  dashed  line  indicates  better  than  100:1  peak-to- 
sidelobe  region  (from  reference  12) 


BEAM  BRAGG  PHOTODIODE 


Figure  9.  Basic  acousto-optic  spectrum  analyser 
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Figures  13  §  14 


Figure  13.  Normalised  AO  spectrum  analyser  performance  with  Gaussian 
aperture  weighting  for  various  Gaussian  parameter  values. 
Input:  CW  signal,  45  MHz 


Figure  14.  Beam  spread  factor  (3  dB)  as  a  function  of 

Gaussian  beam  truncation  ratio  T.  Input:  CW 
signal,  45  MHz 
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Figures  15  §  16 


Figure  15.  Available  dynamic  range  as  a  function  of  Gaussian  beam  truncation 
ratio  T  for  various  pixel  separations  from  "wanted"  frequency 
pixel.  Input:  CW  signal,  45  MHz 
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LOSS 

(dB) 


TRUNCATION  RATIO  (T) 


Figure  16.  Intensity  loss  with  respect  to  uniform  aperture  illumina¬ 
tion  as  a  function  of  the  Gaussian  beam  truncation  ratio  T. 
Input:  CW  signal,  45  MHz 
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PIXEL  NUMBER 


Figure  21.  Variation  of  signal  ratio  Sn/So  with  nearest  neighbour  pixel 

number  for  the  case  of  Af  =  10  MHz,  f  =1  GHz,  A  =  830  nm 

o 


GRATING 

?  BRAGG  CELL 


Figure  22.  Scheme  for  chromatic  compensation  of  Bragg  cell  spectrum  analyser 
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